The hydrothermal reactions of Cu(NO 3 ) 2 ·3H 2 O, K 2 CrO 4 and exo-bidentate ligand bpy/bpe, (bpy = 4,4'-bipyridine, bpe = trans-1,2-bis(4-pyridyl)ethylene) result in two pillared 3D organic-inorganic hybrid compounds. Both contain bimetallic layers of copper(II) cations and chromate anions, which are directly connected by different organic ligands, leading to pillared structures with varying pillar length and thickness of layers. 
INTRODUCTION
Considerable efforts have recently been made to fabricate hybrid inorganic/organic materials, with a strong emphasis on their optimized functionality [1, 2] . One of the major challenges in this area is to design desired structures. The usual approach is to deliberately select suitable metal-containing inorganic fragments and organic ligands in consideration of their preferred coordination habit and possible geometry, as well as the ratio of the metal to the ligand. A reasonable strategy to build high dimensionality frameworks is realized by building pillared structures with organic pillars of changeable length and/or types to connect inorganic layers [3, 4] . The linear exo-bidentate ligands (e.g. pyrazine, 4,4'-bipyridine) as effective connectors or spacers have led to various interesting coordination structures, such as those of ladder, brick, and diamondoid [5] . While inorganic pillared layers composed of molybdenum or vanadium oxides have been found in several inorganic/organic hybrid frameworks, no 3D structures containing chromium oxides and organic pillars have been reported. To date, only one 2D structure with bimetallic layers (Cu/O/Cr) anchored with terminal pyridine ligands has appeared in the literature [6] . In this paper, we exploit the transformation of a 2D structure into a 3D one by replacing the terminal ligands with bidentate pillar molecules, which interconnect the 2D layers to give rise to a 3D network.
EXPERIMENT SECTION
Materials: Cu(NO 3 ) 2 ·3H 2 O, K 2 CrO 4 trans-1,2-bis(4-pyridyl)ethylene (bpe), and 4,4'-bipyridine (bpy) of reagent grade quality were used as purchased without further purification. X-ray analysis and structure refinement: Single crystals of 1 (0.12 × 0.12 × 0.01 mm) and 2 (0.10 × 0.06 × 0.03 mm) were selected for data collection. Each crystal was mounted on a glass fiber with epoxy resin in air. Diffraction data were collected on an Enraf-Nonius CAD4 diffractometer equipped with graphite monochromatized MoK α radiation (λ = 0.71069 Å). The lattice constants were optimized from a least-squares refinement of the setting of 25 centered reflections. For each data set, three standard reflections were monitored every two hours, and raw intensities were corrected for Lorentz and polarization effects and for absorption by empirical method based on ψ-scan data [7] . The number of measured and unique reflections with R int were 1898, 1712 and 0.0549 in the range 3.05 ≤ θ ≤ 26.97 o for 1 and 2308, 2178 and 0.09421 in 2.70 ≤ θ ≤ 24.98 o for 2. All non-hydrogen atoms were readily located and refined with anisotropic thermal parameters except that C3 in 2 was refined isotropically. The final full-matrix least-squares refinement on F 2 was applied to the data. Data collections were controlled by the CAD4/PC program package. The structures were solved by direct methods with SHELX-97 [8] . Details of data collection and structure refinement, as well as unit cell parameters for 1 and 2 are listed in Table I . 
Synthesis
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RESULTS AND DISCUSSION
Both compounds were prepared by mixing Cu(NO 3 ) 2 ·3H 2 O, K 2 CrO 4 and bpy/bpe in a molar ratio of 2:1:2 and reacting in an autoclave at 150 o C for three days. The structures of 1 and 2 were determined by single crystal X-ray diffraction. Selected bond lengths and angles are listed in Table II and III, respectively. The crystal structure analysis of 1 revealed a pillared 3D structure built upon bimetallic layers (Cu/O/Cr) that are bridged by bpy pillars (Figure 1) . A single bimetallic layer is illustrated in Figure 2 (top). Two types of metals with different coordination environments are present in the layer: octahedrally coordinated copper and tetrahedrally coordinated chromium. Each layer can be regarded as composed of ribbons of edgesharing Cu(2)O 5 N and Cu(1)O 6 octahedra interconnected via corner-sharing CrO 4 tetrahedra. Shown in Figure 2 (bottom) is a single ribbon of edge-sharing Cu(1)O 6 and Cu(2)O 5 N octahedra. There are two crystallographically independent Cu atoms within the ribbon. Each Cu2 shares one edge with another Cu2 via two oxygen atoms (O1, O1
ii ). It also shares two edges with two neighboring Cu1 through (O1, O2), and (O1 ii , O3 iii ). Each Cu1 shares four edges with four Cu2. The axial Cu-O bonds, 2.443(6) Å for Cu1 and 2.325(6), 2.378(6) Å for Cu2, are significantly longer than the average equatorial Cu-O (1.961 Å) and Cu2-O (1.983 Å) due to the Jahn-Teller distortion. The η 3 -O1 attributed to oxygen of the hydroxide group is bound to two Cu2 with Cu-O distances of 1.991(6) and 2.003(6) Å, and one Cu1 with a Cu-O bond length of 1.974(6) Å. The ribbons are interconnected by corner-sharing CrO 4 tetrahedra through O2, O3 and O4, respectively, giving rise to a 2D structure motif parallel to ab plane (Figure 2, top) . The remaining site of the CrO 4 tetrahedron is occupied by a terminal oxygen atom that points outward from the layer with a Cr-O bond length of 1.610(6) Å. The two N atoms of each bipyridine pillar form coordinated bonds with the two edge-sharing Cu2 octahedra from the neighboring bimetallic layers to result in a pillared 3D structure, as shown in Figure 1 . All Cu2-N bonds are identical with a single bond length of 2.014 (7) Å. The interlayer distance is approximately 10.6 Å. Previous study has shown that use of a monofunctional pyridine (py) in the Cr-Cu-O system leads to a 2D structure [Cu 3 (CrO 4 ) 2 (OH) 2 (py) 2 ], where py serves as a terminal ligand [6] . In the present work, we have demonstrated that by replacing the monodentate ligand with a bidentate ligand (bpy), we can retain the structural configuration of the bimetallic layer Cu 3 (CrO 4 ) 2 (OH) 2 , and at the same time, to build a 3D network by interconnecting the bimetallic layers through both pyridine N atoms. This is a neat example in which rational synthesis works. Table II . Selected Bond Lengths (Å) for 1. (6) Cu(2)-Cu (2) ii 3.054(2) Cu(2)-N 2.014(7) Symmetry transformations used to generate equivalent atoms: i -x+2,-y+1,-z ii -x+2,-y+2,-z iii x,y+1,z iv x-1,y,z Encouraged by these results, we conducted another set of reactions under the same conditions introducing a longer organic exo-dentate ligand, bpe. These reactions have produced a new pillared compound, [Cu(CrO 4 )(bpe)] (2). Figure 3 shows the local coordination environment of metals in 2. The copper center adopts a distorted trigonal bipyramidal (tbp) geometry through three oxygens (O1, O2 i , O3 ii ) from the three CrO 4 groups in the equatorial plane, and two bpe nitrogen atoms (N1, N2) in the axial positions with the Cu-N bond lengths of 1.985(7) and 2.004(7) Å, respectively. The Cu-O1 (1.957(5) Å), Cu-O2 i (1.998(6) Å), Cu-O3 ii (2.115(6) Å) in the equatorial plane are essentially equivalent, falling into the range of Cu-O bond lengths reported previously for similar compounds [9] . Every CuO 3 N 2 bipyramid shares corners with three adjacent tetrahedral CrO 4 groups, and vice versa, each CrO 4 shares corners with three CuO 3 N 2 bipyramids to form a 2D bimetallic layer. The layer can also be considered as consisting of two types of CrCuO rings: the 8-member (Cu 2 Cr 2 O 4 ) rings and 16-member (Cu 4 Cr 4 O 8 ) rings, as illustrated in Figure 4 . As in 1, the bpe ligands bridge to the Cu atoms of the bimetallic layers to generate a 3D pillared structure with the pillared distance of ca 11.4 Å ( Figure 5 ). The remaining terminal oxygen of the CrO 4 group points outward from the inorganic layer. It is worth noting that the bimetallic layer in 2 has changed to a different configuration from that of 
CONCLUSION
In summary, two types of structures have been synthesized using CrO 4 as an inorganic anion. Bidentate ligands bpy and bpe were used as pillars that connect the bimetallic layers to generate pillared 3D structures. The structural configuration of the bimetallic layer in 1 is the same as that obtained by using the terminal ligand pyridine. The structural change from a 2D to a 3D network by a suitable selection of ligand is well demonstrated by the successful design and synthesis of this compound. Moreover, our work shows that pillared structures with different interlayer separations can be obtained by use of pillars of various lengths (Scheme 1). Further studies are in progress to investigate the structure changes in similar systems involving other pillared ligands and different chromate anions such as bichromate.
